Background: Percutaneous abscess drainage guided by computed tomography scan is considered the initial step in the management of patients presenting with Hinchey II diverticulitis. The rationale behind this approach is to manage the septic complication conservatively and to follow this later using elective sigmoidectomy with primary anastomosis. Methods: The clinical outcomes for Hinchey II patients who underwent percutaneous abscess drainage in our institution were reviewed. Drainage was considered a failure when signs of continuing sepsis developed, abscess or fistula recurred within 4 weeks of drainage, and emergency surgical resection with or without a colostomy had to be performed. Results: A total of 34 patients (17 men and 17 women; median age, 71 years; range, 34-90 years) were considered for analysis. The median abscess size was 6 cm (range, 3-18 cm), and the median duration of drainage was 8 days (range, 1-18 days). Drainage was considered successful for 23 patients (67%). The causes of failure for the remaining 11 patients included continuing sepsis (n = 5), abscess recurrence (n = 5), and fistula formation (n = 1). Ten patients who failed percutaneous abscess drainage underwent an emergency Hartmann procedure, with a median delay of 14 days (range, 1-65 days) between drainage and surgery. Three patients in this group (33%) died in the immediate postoperative period. Among the 23 patients successfully drained, 12 underwent elective sigmoid resection with a primary anastomosis. The median delay between drainage and surgery was 101 days (range, 40-420 days). In this group, there were no anastomotic leaks and no mortality. Conclusion: Drainage of Hinchey II diverticulitis guided by computed scan was successful in two-thirds of the cases, and 35% of the patients eventually underwent a safe elective sigmoid resection with primary anastomosis. By contrast, failure of percutaneous abscess drainage to control sepsis is associated with a high mortality rate when an emergency resection is performed. The current results demonstrate that percutaneous abscess drainage is an effective initial therapeutic approach for patients with Hinchey II diverticulitis, and that emergency surgery should be avoided whenever possible.
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Sigmoid diverticulitis complicated with a pelvic or abdominal (extramesocolic) abscess (Hinchey stage II) [1] is currently considered by most review committees of surgical or gastroenterologic societies as an indication for percutaneous abscess drainage (PAD) associated with intravenous antibiotics [2] [3] [4] . The rationale behind this strategy is twofold: (1) initial conservative treatment of sepsis, and (2) subsequent elective sigmoidectomy with primary colorectal anastomosis [5] . This widely adopted approach has benefited from the rapid development of radiologic interventional procedures during the past two decades [6] , as well as by recognition of the role that computed tomography (CT) scan has as the initial imaging method for suspected diverticulitis [7, 8] .
Some authors, however, have questioned this attitude, observing that PAD for complicated diverticulitis is a typical example of how a new therapeutic approach enters surgical practice without much scientific evidence [9] . There are indeed several limitations to percutaneous drainage of diverticular abscesses. First, accessibility is not always possible because of small bowel loops in contiguity with the fluid collection [10] . Second, drainage, when feasible, is not always successful. Reported failure rates for diverticular abscesses range from 15% to 30% [11] [12] [13] , and when PAD fails, the mortality rate may be as high as 75% [14] . Third, when drainage is feasible and initially successful, abscess recurrence or fistula may occur, compromising the performance of an elective surgical resection [15] .
Finally, and most importantly, the debate whether to perform a Hartmann procedure systematically for a Hinchey II diverticulitis remains unresolved. However, some surgeons have reported good results for selected series of patients who underwent semi-urgent sigmoidectomy with a colorectal anastomosis [16] [17] [18] . Thus, the question is to determine whether PAD for Hinchey stage II diverticulitis actually is delaying definitive treatment rather than downstaging the initial disease.
The response to this question is likely to require a prospective multicentric trial. In the meantime, it is important to assess the results of PAD for Hinchey stage II diverticulitis critically. To our knowledge, these data are lacking for several reasons. Most series report mixed cases of abdominal fluid collections (i.e., postoperative collections, appendiceal abscesses, and the like) [19] [20] [21] . Furthermore, the final diagnosis of diverticulitis has not been confirmed by subsequent colonoscopy or at the time of surgery [22, 23] . Finally, end points considered for evaluation of the technique have been inappropriate [24] .
This study aimed to assess the results of PAD for Hinchey stage II diverticulitis critically in terms of initial abscess resolution, complication of drainage, abscess or fistula recurrence, and eventual performance of elective sigmoid resection with a primary anastomosis.
Methods

Charts review
All patients who underwent percutaneous drainage of diverticular abscesses guided by CT scan at University Hospital Geneva from January 1, 1991, to December 31, 2004 were identified by a search of the interventional radiology database. The study protocol was submitted to the ethical committee at our institution, and permission was obtained from the patients for our review of their medical records.
Each patientÕs medical record was reviewed separately by a surgeon (Y.D., D.B., P.G.) to determine the demographics, the size and numbers of abscesses, the date and duration of drainage, and the outcome of PAD. Drainage was considered a failure when the general condition of the patient did not improve and signs of worsening sepsis developed, abscess or fistula recurred within 4 weeks of drainage, and emergency surgical resection with or without a colostomy had to be performed. The medical record also was reviewed to document the occurrence of an eventual surgical resection, the type of surgery (Hartmann vs sigmoidectomy with primary anastomosis), the timing of the procedure (emergent vs elective), and the outcome of surgery.
Abscess drainage
Since 1991, our institution has considered CT scan with oral, rectal, and intravenous contrast as the standard imaging technique for patients with suspected diverticulitis. When the initial CT scan demonstrates complicated diverticulitis with abscess, the indication for drainage and its feasibility are discussed jointly between interventional radiologists and colorectal surgeons. All drainage procedures are performed by experienced interventional radiologists under CT scan guidance ( Figs. 1 and 2 ). Depending on the location of the abscess, drainage of fluid collection is achieved through a transgluteal or lateral transabdominal approach. Self-retaining pigtail catheters with a distal hydrophilic tip and ranging from 8 to 14 Fr in size are used in all cases. Catheters are placed using either a tandem trocar technique or a Seldinger technique.
Immediately after catheter placement, a syringe is inserted, and the fluid collection is aspirated until the flow ceases. The pus then is sent for bacteriologic analysis. After aspiration, the catheter is left in place to allow gravity drainage, and its adequate position subsequently is verified with additional imaging. The interventional radiology team and the surgical staff jointly perform patient follow-up evaluation.
The outcome of PAD is assessed postprocedurally by CT scan imaging of the lower abdomen to determine abscess resolution or recurrence, and by observation of improvement or deterioration of patientÕs clinical condition. All patients who underwent a simple fluid evacuation without permanent catheter placement were excluded from the study.
Definition and medical management of Hinchey II diverticulitis
The staging of complicated diverticulitis was established according to the original Hinchey classification. In this classification, stage II is related to a large (>3-4 cm) pus collection, which is at a distance (in the pelvis, abdomen, or retroperitoneum) from the sigmoid colon. Unlike stage I abscesses, Hinchey stage II abscesses are not confined within the mesocolon, and are considered amenable to percutaneous drainage.
All patients had their final diagnosis of complicated diverticulitis confirmed, either at the time of surgery or by colonoscopy. In addition to drainage, the initial medical management included broad-spectrum intravenous antibiotherapy, either with a combination of metronidazole and ceftriaxone or with monotherapy comprising imipenem or tazobactam.
Three patients with an initial diagnosis of complicated diverticulitis eventually underwent surgery with a final diagnosis of sigmoid adenocarcinoma, and thus were excluded from the study. Similarly, all patients who had Hinchey II diverticulitis, but who were considered for technical reasons not amenable to percutaneous drainage, were excluded from the study.
Statistical analysis
Statistical analyses were undertaken using the software package STATGRAPH 3.0 software for Windows (Statgraph Software Inc., San Diego, CA, USA). Quantitative data were expressed as mean ± standard deviation. Group comparisons were made using a two-sided FisherÕs exact test for categorical variables and a two-sided StudentÕs t-test for continuous variables. All p values of 0.05 or less were considered statistically significant.
Results
A total of 34 patients (17 men and 17 women; median age, 71 years; range, 34-90 years) were considered for analysis. The median abscess size was 6 cm (range, 3-18 cm), and the median duration of drainage was 8 days (range, 1-18 days). Drainage was considered successful for 23 (67%) of the patients. The causes of failure for 11 patients included aggravating sepsis (n = 5), abscess recurrence (n = 5), and fistula formation (n = 1). Ten patients who failed PAD underwent an emergency Hartmann procedure with a median delay of 14 days (range, 1-65 days) between drainage and surgery. Three patients in this group (33%) died in the immediate postoperative period. Thus, the overall mortality rate in this series was 8.8%. The mortality rate was higher for the group of patients who failed to respond to PAD (27% vs 0%; p = 0.02). The patients who failed PAD also were older than those treated successfully with this approach (76 ± 15 vs 65 ± 13 years; p = 0.03). Table 1 summarizes a comparison of clinical features between the patients who failed PAD and those who were successfully treated.
Of 23 patients successfully drained, 12 eventually underwent an elective sigmoid resection with a primary anastomosis. The median delay between drainage and surgery was 101 days (range, 40-420 days). In this group, there were no anastomotic leaks and no mortality. Among the 11 patients who for various reasons did not undergo sigmoid resection after their initial episode of complicated diverticulitis, 2 elderly women eventually presented with a perforated diverticulitis and underwent emergency surgery more than 7 years after the initial diagnosis. Figure 3 summarizes the therapeutic outcomes experienced by this series of patients.
Discussion
The data presented in this report indicate that for 67% of the Hinchey II patients who underwent CT scanguided drainage, surgery was successfully delayed or avoided. There were no deaths in the group of patients who eventually underwent an elective sigmoid resection with primary anastomosis. By contrast, PAD failure and subsequent emergency surgery were associated a mortality rate of 30% and a colostomy rate of 80%.
During the past two decades, PAD has emerged as the standard treatment for peridiverticular abscesses larger than 3 to 4 cm in diameter. Using a statewide hospital discharge database, Salem et al. [25] demonstrated that the odds of percutaneous abscess drainage for complicated diverticulitis increased 7% per year be- tween 1987 and 2001, and that emergency colectomies concomitantly decreased 2% per year. The two series most often quoted regarding CT scan-guided drainage of diverticular abscesses report success rates of 74% 80% [26, 27] . However, in the series reported by Schechter et al. [26] , only 10 of the 133 patients had a proven complicated diverticulitis. In the seminal paper by Neff et al. [27] , 16 patients with diverticular abscesses were included, and it is unclear exactly how many were true Hinchey II patients. Therefore, the current standard for percutaneous drainage of Hinchey II diverticulitis has little, if any, evidence-based support, although its use is obviously increasing, in parallel with the development of interventional radiology techniques. Our data are in accordance with series from the UK and Germany, which have demonstrated an overall mortality rate of 12% for diverticular abscess and 23% after the Hartmann procedure used for Hinchey II diverticulitis [28, 29] . Thus, the mortality rate after emergency surgery for Hinchey stage II diverticulitis remains excessive, and probably is related to associated comorbid conditions in an elderly population. Therefore, it is reassuring to consider that PAD was successful in avoiding emergency surgery for two-thirds of our patients. This success rate is somewhat inferior to that of other series that included drainage of postoperative fluid collections. Technically, PAD is more difficult (and probably less successful) in abdominal septic conditions, such as complicated diverticulitis or pancreatitis. However, PAD has its limitations, and it is significant that advanced age seems to be associated with a higher risk for PAD failure in our series and others as well [17] .
This study considered only Hinchey stage II patients who were good candidates for PAD, but in certain cases, abscess location or sentinel small bowel loops make this approach unfeasible. Such patients should be treated with intravenous antibiotics initially, and emergency surgery should be reserved for those who do not respond to the conservative management. It would be interesting to determine whether systemic antibiotics alone may represent an alternative to PAD for complicated diverticulitis [30] . Of 37 patients initially thought to have Hinchey stage II diverticulitis, three (8%) eventually received a diagnosis of sigmoid adenocarcinoma. Percutaneous drainage failed in all patients with perforated cancer, who subsequently underwent emergency surgery with a median delay of 28 days after drainage. There frequently is a diagnostic dilemma in this clinical presentation, and ruling out a perforated cancer may prove difficult. Colonoscopy is therefore mandatory before surgery for patients with perforated diverticulitis.
In summary, Hinchey stage II diverticulitis, a severe condition often affecting elderly patients, carries a mortality rate of nearly 10%. Emergency surgery in this situation, with a mortality rate exceeding 25%, should be avoided whenever possible. The clinical outcome is dependent on the patientÕs age and response to percutaneous drainage guided by CT scan. In up to two-thirds of patients treated in collaboration with interventional radiologists, this initial approach is successful in avoiding emergency surgery. Elective sigmoidectomy, usually performed 3 months after the initial episode of complicated diverticulitis, is a safe procedure that carries a null mortality rate.
